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ABSTRACT

The el ectrochem cal, bulk and interracial properties of the
pol yet hyl ene oxide(PE0) based pol yner conposite electrol yte (csk)
conprising ni1, Pro, and Al,0, have been evaluated for 1i battery
appl icat.i.ons. The bul k interfacial and transport properties of
the csEs scem to strongly dependent on the alumna particle size.

For the CSE films wWith 0.05 mcron alumna while the bulk
conductivity is around 10°(mho cml) at 103° C, the 1i ion
transport seens to be close to unity at the sane tenperature.

Conpared to the rro electrolyte cse seens to exhibit robust
mechani cal and interracial properties. We have studied three
different films with three different. alumna sizes in the range
0.01 - 0.3 mcron. Effects of al,0, particle size on the
electrochemical performance of the cseE films will be discussed.

Wth mis, as cathode a 10 mAh snall capacity cell. was fabricated,

charged and di scharge] at /40 and C/ 20 rates respectively.



| NTRODUCTI ON

Recent activities in soliada polymer electrolytes/1i batteries have
centered around the use of pol yethyl ene oxide(Pro) and other
organi ¢ polyners complexed Wth |lithium salts as the el ectrolyte.

while considerable. and significant advances have been nade in
terms of inproving the bulk ionic conductivity and interracia

properties of the polyneric electrolyte contacting 1.i(1) sonme
basi ¢ and fundamental. problens remain to be solved. ‘|’ he problens
include: (a) Low transference nunmber(0.1-0.3) for Li cations
leading to high concentration polarization and high interface
resistance, (b) Inconpatible salt anions(BF,”, As¥;, C10,”, CF;S05
etc.) contained in the pol yner that cause the |ithium todegrade,
and (c) Poor nechanical strength especially above 100°c. Oher
school s have used Aal,0;(2) or alum na based(3) to inprove the
mechanical Strength of polymers. wt, the lithium transference
nunber was | ow because of an inappropriate salt, and too large
Al,0; particles. To overcome some of the short comings Lil was
used in our studies. This salt is totally conpatible with Li.
The idea enbodied in this work is to coat the alunmina particles
wth a thin layer of Li1 and to bond these particles together
with PEO. It was expected that this conposite solid electrolyte
(cse) woul d retain the vacancy conduction nmechanismfor 1i*
(responsible for near unity transference nunber of lithium

reported earlier(4) and in addition would exhibit the flexible

nature of the polyner. In this study wc report our



el ectrochemcal. results on the cse conprising ni1, pro, Al,0; and

as a function of alumna particle size.

EXPERI MENTAL

Initially there were problens dispersing unifornmly the al,o
particles in the pro matri X. Thus a nodified procedure

devel oped at the Jet Propulsion laboratory, was adopted.

Appropriate anmounts of 1i1, Al,0,, and PEO were weighed
separately. 1i1 was dissolved in 50 nml of acetonitrile, decanted
and to the solution was added alumna. The solution was stirred
well for 45 m nutes. 80 m of 1sopropyl al cohol (1pA) was added
and the solution again was stirred well. To this mxture was
added approximately 120 m of acetonitrile followed by another 80
m of IPA. Wiile the solution was being stirred vigorously, 1.6
grams of PEO(M.W. 4x 10% was added slowy. This procedure
produced a uniform suspension of alumna in the solution. The
m xture was stirred overnight to dissolve the peo. This solution
was cast into thin films as described el sewhere(5) . Qur initial
procedure to prepare thin filns of cse wthout the addition of
1pA gave us only lunps of alumna covered with a coat of PEO

“I"he thin filnms of csE prepared by our modified procedure were

subjected to a series of electrochemical measurenents including

a-c and d-c neasurenents. Both a symmetrical cell of the type
Li/csr/ni and an unsynmetrical cell of the type 1i/cse/ss
(stainless steel ) wer e used for t he electrochemi cal

characterization of the csk films. Wth ris, as the cathode a



smal | capacity cell was fabricated and charge/ di scharge studies

were made

RESULTS AND DI SCUSSI ON

A) BULK CONDUCTI VITY AND | NTERFACI AL CHARGE TRANSFER RESI STANCE:
Both the bulk conductivity(1/R,) and the interfacial charge
transfer resistance(R,) of the electrolyte(cSk) were determ ned
from the a-c neasurements. The a-c neasurenents were made in the
frequency reginme 100 kdz - 5 Hz. A typical Nyguist plot is shown
in Figure 1 for cse films containing 0.05 and 0.3 mcron al um na.
Wiile the high frequency intercept on the x-axis is the bulk
resi stance of the electrolyte the corresponding | ow frequency
intercept gives the conbination of the bulk resistance of the
interraci al layer(omnipresent 0On the Li surface)and the charge
transfer resistance, which we defined earlier as r,. The CSE
filmcontaining 0.3 mcron al,0; exhibits three different regines
dom nated by bul k processes at high frequencies followed by
charge transfer processes at nmedium frequencies which in turn is
foll owed by diffusional processes at |ow frequencies. However,
the cse filnms with 0.05 mcron Al,0; exhibits alnost resistor Iike
behavi or where the contribution fromthe charge transfer and
diffusional processes are insignificant. The a-c characteristics
of the CSE filns with 0.3 mcron al,0;, is typical of systems where
the transport # of the reversible ion is very low. Hence we have
not studied this material in depth. The behavior of cse filns

with 0.01 micron Al,0; is simlar to that of 0.05 mcron Aal,04



film. In the folloeing we have described our results for csE

filme with 0.05 Al,0; only. In rigure 2 is shown the plot of the
bul k conductivity of the cse as a function of the reciprocal
tenperature. The data indicate that while the csE exhibits a
very nodest conductivity bel ow 79°c above this tenperature the
conductivity picks up. Furt her the temperature(79°c) at which
t he break occurs is higher than for PEO wth out the al um na.
For PEO systemw th out alumna the break in conductivity occurs
around 60°C. The interracial charge transfer resistance appears

to be stable over a period of many days.

B) TRANSPORT NUMBER

The transport nunbers of the cation and anion represent the ratio
of the total. current that will be carried by the cations and
anions respectively. Wen a uni-univalent salt conprising of two
constituents M and X is dissolved in a solvent the salt
diisciates in to M and X in an ideal case. Under this condition
the cation transport # corresponds to t,and the anion transport
#is t.. For the conmputation of the transport nunbers we have
made this assunption in our system Several authors have
devel oped different techniques to experinmentally determ ne the
transport number of the nobile ions(6). ‘1" he sinplest nethod
devel oped by Sorensen and Jacobsen, involves identifying the
contributions of different processes to the total conductivity by
a-c measurement as a function of frequency in a symetrical cel

conprising two reversible electrodes separated by an el ectrol yte.

(8]




Fromthe a-c results the transport nunber of the reversible ion
can be conputed as t, = u,/(u,+u,) = R/ (R12,) where u, and u,
represent the nobility of positive and negative ions respectively
and R, is the bulk resistivity of the electrolyte and 2z,
represents the inpedance due to ion diffusion. Thi s can be
obt ai ned as foll ows. “1"he total inpedance z, (conprising of
Rot+-Ret+-zd) , of the system is conputed from the potentiodynamc
measur ement . Fromthis total inpedance, 2,, subtracting RR
gives z,. A-C and potentiodynamic neasurenents were nade on the
cells of the type 1i/csk/1i at 105°c. Wiile R, is close to 73
ohns R, and z, respectively are 2.5 and 2 ohns. The area of the
electrolyte is very close to 1 cnf. The cation transport number
determned fromthese results is close to unity. This is a bench
mark result that has not been reported in the literature yet. In
Tabl e-1 our electrochemcal data are conpared with the data
available in the literature for conparable systens. The data
indicate that not only the transport # is higher but the r, is

| ower for our system conpared to state-of-the-art CSE systens.

C) THERVAL CREEP MEASUREMENT

The resistance of any material is directly proportional to its
thickness. So by nmonitoring the resistance of the naterial as a
function of time, in principle, at least qualitatively one can
estimate the dinensional stability of the material using the
formul a creep% = (R-R;)/R, X1OO where creep% represents the

percentage change in thickness and R and r respectively are the




initial resistance and resistance as a function of tine. In

Figure 3 we have shown a typical plot of creep% as a function of
time for two different polyner electrolytes one containing
alumina (CSE) and the other w thout. Qur results indicate that
this cskE is much nore dinensionally stable than the pro/LiI

electrolyte.

D) STUDIES ON ni/cse/Tis, CELLS:

A 10 mAh snmal| capacity cell was nmade with TiS,ascathodeandd-
c cyclic voltammetric neasurenents were nade as a function of
open circuit voltages (ocvs). In Figure 4 is shown a typical d-c
cyclic and in the sane figure is shown the peak splitting as a
function of OCV. The wel | defined cathodic and anodi c peaks

indicate that 1i* noves in and out of the TiS,cathode (the cell

can be charged and discharged). The peak splitting increases
with decrease in OCV of the cell. which may be related to the
increase in resistance of TiS,with lithiation. In Figure 5is

shown the plot of diffusion coefficient of ni* in TiS,as a
function of OCV and charge transfer resistance at the TiS,
el ectrode also as a function of OCV. Wiile the r, varies
randomy with OCV the diffusion coefficient goes through a
maxi num at around 50% state-of-charge. A simlar observation was
made earlier for TiS,cathode with organic electrolytes. In
Figure 6 is shown the charge/di scharge characteristics of the
above cell. 1The cell was discharged at ¢ 20 and charged at C/ 40

rates. Although the transport # for 1i is close to unity the




charge/discharge rates are very low. One explanation would be
that the c¢sE bulk ionic conductivity is still very low by an

order of magnitude than the required mninumof 10°S cm |

CONCLUSI ONS

At the Jet Propul sion raboratory we have devel oped a new chem cal
technique to disperse alumna uniformy in the high nolecular
wei ght PEO matri x. Qur conposite solid electrolyte (CSE)
exhibits the highest transport nunber reported yet in the
polymeric electrolyte for 1i*. The conductivity of the CSE at
103°c is 1.0"mho cm'. Both the transport # and ionic
conductivity are influenced by the particle size of alumna. CQur
thermal creep nmeasurement studies show that the cSE is
di mensionally stable nuch nore than the pro/LiI electrolyte. The
cells could be charged and di scharged only at very low rates

al though the cation transport # is very high
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FI GURE CAPTI ONS
1 NyQuist plot of the csk
2 Conductivity vs. |/T of the csE
3 Creep%vs. Tinme of PEOo/LiI With and with out Al,04
4 D-C cyclic voltammetric characteristics of Li/csSE/Tis,
cell
5 Diffusion coefficient and r, vs. OCV.

. 6 Charge/discharge characteristics of Li/cse/Tis, cell



COMPARISON OF E ECTROCHEMICAL PROPERTIES OF CSE F LVIS

§oasAe. LOLp. wexp. “C Film bulx | £ | Interface
| - . ; L , .
Cond. mho ! I resiscance
s ,
- ! N Y

. - i
Nk ] 2 DU boadb ~ 0.8 % .05 5
IRy pxtot 108 =005 2
f»pan wl\ow , |
] an SRR 0.5 = 0.05l-r
R , -~ - )
Vol TRV L e 1 LUS 16" + z 0.05 25

(AZ.0.) . on

LA ey v A m 3 x 10" ,_
1 10% Al.o.(3)" |
L oam——yg A | adlO AU T .22 ;_ 25
L mmo 2% IR k ! !
LU A0, 120 ! !

(22U, s LISCN | 115

~ . H
(6a) ﬁ
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COMPOSITE SOLID ELECTROLYTES

BULK CONDUCTIVITY vs. <=
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KiNes C PROPERTIES OF Li/CSE[TiS, AS A FUNCTION OF TENP. AND SOC
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